A importância das causas indiretas da morbidade e mortalidade maternas no processo de transição obstétrica: um estudo multicêntrico transversal 
Introduction
Recent Sustainable Development Goals have been stablished by the United Nations (2015-2030), including the broad goal of "good health and wellbeing" for all. Based on the goals for the previous period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , there was an improvement in maternal health worldwide. However, the goal of significant reduction in maternal mortality has not yet been reached, especially among low-and middle-income countries.
1 This inequity represents a gender issue as well, regarding most of the socially, psychologically and physically vulnerable populations from poor settings. Maternal morbidity became a relevant outcome for understanding maternal health, and it is defined as a continuum of severity complicating a normal pregnancy. 2, 3 According to specific criteria, women can experience a potentially lifethreatening condition (PTLC) that can evolve to a state of organ dysfunction and/or failure.
4
The World Health Organization (WHO) standardized the definitions: PLTCs are severe maternal complications that include hemorrhage, hypertensive disorders, management of severity and maternal near-miss (MNM), when a woman has almost died, but survived a given complication during pregnancy, childbirth or the first 42 days post-partum. 3 Evaluating MNM cases might enable the understanding of maternal death (MD) determinants. 2, 3 Maternal near-miss and MD characterize severe maternal outcomes (SMOs), while altogether, including PLTC, we consider as severe maternal morbidity (SMM).
1,3
The causes of maternal mortality/morbidity are classically divided in three groups: direct obstetric causes (DOCs), indirect obstetric causes (IOCs) or causes non-related to pregnancy. 5 Direct obstetric causes are those occurring with a direct relationship to pregnancy, and are mostly on the spot because they are, by definition, avoidable. 6 Indirect obstetric causes are defined as preexisting disorders or even those aggravated by pregnancy.
7
A way to consider maternal morbidity/mortality in different settings is to use the concept of "obstetric transition." This concept refers to the global trend in which a high rate of maternal morbidity/mortality with DOCs is being gradually replaced by lower rates, with a growing proportion of IOCs. High-income countries have started their transition over a century ago, whereas middle-and low-income countries have only recently started it, and are still on the earlier stages of the process. 8 There are five stages (I-V) in this obstetric transition, and different moments of the phenomenon present in different settings. Brazil is ranked in an intermediate position, for the country is on stage III of this transition.
8
The aim of the current study is to identify the burden of IOCs of maternal morbidity/mortality and to evaluate factors associated with SMOs. Briefly, the size of the sample was calculated considering that 75,000 deliveries should be surveyed to identify $ 750 MNM cases, using an approximate theoretical incidence of 10 MNM cases per 1,000 deliveries as a basis for calculation.
Resumo
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Data collection was performed by a trained research team, considering all women admitted during pregnancy, childbirth or the post-partum period with any of the criteria for severity conditions defined by the WHO. The information retrieved from medical charts were transferred into the OpenClinica electronic platform (version 2.5.5, Waltham, MA, US) by the local coordinator from each participating center.
For data quality control, there was a strict personnel training for adequate data collection, chart review, and feeding the database, with the implementation of an operation manual and site visits for monitoring data control. Detailed typing and consistency checking by local and central coordinators were also performed.
Data analysis for the current study approach consisted of a comparison of maternal and perinatal outcomes among women defined according to the underlying cause of morbidity as indirect or direct. The first group considered exclusively IOCs of maternal morbidity, and the second one with any situation involving exclusive or associated DOCs of maternal morbidity or mortality.
Initially, the prevalence of PLTCs, MNM and MD was calculated and compared between the two groups. We then considered the health indicators of both groups: the MNM incidence ratio (MNMIR), the severe maternal outcome ratio (SMOR ¼ MNM þ MD), the MNM to MD (MNM:MD) ratio, the mortality index (MI) and the maternal mortality ratio (MMR), according to the WHO recommendations. 3 We further assessed the sociodemographic variables, previous morbid conditions, prenatal care and obstetric complications, comparing direct and indirect causes of maternal morbidity. Data on pregnancy outcomes and perinatal results were also described, comparing both groups. Finally, Poisson multiple regression analysis was used to identify the factors that were independently and significantly associated with SMOs (MD or MNM), compared with PLTCs among the indirect causes of maternal morbidity. The adjusted prevalence ratio (PR adj ) for the cluster design effect and for the remaining model variables as possible predictors, with their respective 95% confidence intervals (95% CIs), were presented. The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, SPSS Inc., Chicago, IL, US) software, version 17.0, the Stata (StataCorp, College Station, TX, US) software, version 7.0. The descriptive level was presented at 5% (95% confidence level), adjusted by the cluster design effect.
All Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement items for a prospective study were considered for the current study.
Results
During the12-month period of the study, 82,388 women from 27 obstetric units were monitored, resulting in 82,144 live births (LBs). Among these women, 9,555 met the criteria for SMM (either PLTCs, MNM or MD). In this group, 942 had an exclusively indirect cause of maternal morbidity: 713 cases were defined as PLTCs (75.7%), 170 as MNMs (18.0%) and 59 as MDs (6.3%) (►Table 1). Comparing the occurrence of severe outcomes between indirect and direct causes, there was an increased risk of higher severity among the exclusively indirect causes, which presented 7.56 times increased risk of MD (PR: 7.56; 95%CI: 4.99-11.45).
Considering the health indicators (►Table 1) for indirect causes of maternal morbidity, there is 1 MD for every 2.79 cases of MNM, while for the direct causes there is 1 MD for every 8.29 MNM cases. The mortality rate -MD/(MNM þ MD) -was of 25.8% among the cases of exclusively indirect causes of maternal morbidity, a rate significantly higher when compared with the direct underlying causes of morbidity, which have a mortality rate of 11.9%.
All identified cases of MD due to indirect causes presented an incidence of influenza H1N1 (30.5%), sepsis (20.3%), cancer (10.1%) and heart disease (10.1%). The remaining cases were due other causes, or non-identified causes of mortality (►Table 2).
The risk of SMO for IOCs according to previous maternal conditions increased among drug users (PR: 1.56; 95%CI: 1.05-2.032) and decreased among women with history of cardiac disease (PR: 0.40; 95%CI: 0.20-0.81) (►Table 2).
When evaluating maternal sociodemographic data and obstetric characteristics comparing the IOCs and DOCs of maternal morbidity, there were very few significant differences among the groups, with increased risk for IOCs among women with low weight (PR: 3.23; 95%CI: 1.70-6.14) and in private health care (PR: 2.04; 95%CI: 1.35-3.08). Considering the perinatal results, Apgar scores < 7 at the 5th minute were increased among cases of IOC (PR: 1.49; 95%CI: 1.01-2.21) when compared with cases of DOC (►Table 3).
A significant proportion of the cases admitted due to IOCs of maternal morbidity had severe complications throughout pregnancy that did not lead to immediate delivery (37.8%) and was even discharged from the hospital, still pregnant, for further follow-up. In contrast, among the cases of DOC, only 3.8% remained pregnant after an SMM event. Among the ones that delivered, most were through cesarean sections in both groups (►Table 3).
Looking into the standard laboratory, clinical or management criteria used to identify MNM, 36.2% of women with IOCs of maternal morbidity presented the combination of all 3 criteria, versus 24.1% in the DOC group (p ¼ 0.004; data not show). Among the procedures used as management criteria, intubation not related to anesthesia (PR: 3.88; 95%CI: 3.06-4.93), venous central access (PR: 4.24; 95%CI: 3.23-5.56), admission to the intensive care unit (PR: 2.46; 95%CI: 1.54-3.93) and hospitalization > 7 days (PR: 2.57; 95%CI: 1.74-3.81) were associated to IOCs of maternal morbidity, when compared with cases of DOCs (data not show).
The multivariate analysis showed that exclusively indirect causes, preexisting conditions, non-public health care coverage, diabetes, neoplasia, kidney disease and drug addiction were independently associated with SMOs (►Table 4).
Discussion
Our results reveal the burden of IOCs of maternal morbidity/ mortality among cases of severe morbidity in a Brazilian population. In our settings, IOCs were responsible for only $ 10% of the total cases of severe morbidity; however, they represented 40% of the deaths occurred, with a high mortality index (MI ¼ 25.8%). The MI correlates with the quality of care, indicating substandard care when above 20%.
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Worldwide, IOCs of mortality are responsible for 1/4 maternal deaths.
7 Gradual changes toward a decrease in avoidable causes of maternal mortality (mostly direct causes of mortality) are now understood as a phenomenon called "obstetric transition." 8 Such changes are happening at different countries, and are strongly connected to the governmental and the society's improvements in implementing public policies that promote social development and health awareness. 8 Brazil is currently on stage III of this obstetric transition, with an MMR between 299-50 MDs/100,000 LBs.
8
A systematic analysis was recently published with the intent of better understanding the worldwide causes of mortality in order to improve quality of life and achieve more longevity among the populations. Data on mortality and its trends according to the sociodemographic measures of 195 countries between 1980 and 2015 were presented, and among the 249 studied causes of morbidity, there was a subgroup concerning maternal morbidity. The data confirm the decrease in the absolute number of MDs, with hemorrhage still being the main cause of maternal mortality in the world. There were a few limitations to our study. Unfortunately, it is impossible to define all complications as dichotomous direct versus indirect causes of morbidity, and this must be pointed out. We decided to consider pure indirect cases (called exclusively indirect causes) of morbidity versus cases of mixed morbidity (direct or direct þ any indirect causes associated), thus enabling a better understanding of this scenario.
To the best of our knowledge, there is only 1 other surveillance study, performed in 2014, that analyzed the IOCs of maternal morbidity/mortality in the context of MNM and MD criteria; it is a secondary analysis of a WHO multicenter study.
7
Other studies simply point out the associations between IOCs and MD, like a recently published study from India that included 39,704 LBs and 120 MDs, 27.5% of them due to IOCs, mostly anemia.
12 A review from Ghana with 30,269
LBs and 322 MDs showed that 22.4% of the cases were due to IOCs, with infection as the main cause. 13 In Morocco, the maternal death surveillance system (MDSS) has 313 registries, and 13.5% of them were classified as IOCs of MD, with heart disease as the main cause of maternal mortality.
14 In a systematic review of 12 studies from 1980 to 2007, with 9,750 MDs in high-income countries, 28.6% of the deaths were due to IOCs, and cardiovascular diseases were the main contributor cause.
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The analysis regarding indirect causes published by the WHO in 2014 reports that anemia is the most common cause for SMO in low-income countries, and heart disease is the main IOC of MD in high-income countries. 8 It also shows that women with any SMO related to an IOC have a higher risk of developing obstetric complications, MNM and MD, as well as worse perinatal outcomes. 7 This information matches the findings of our study.
In the current analysis, it is important to consider that data was collected during the 2009 H1N1 influenza pandemic season (H1N1pdm09), 16 which began in Mexico in March 2009, and turned out to be the viral infection with the higher morbidity and mortality rates among pregnant and postpartum women in the last decades.
17
Maternal mortality related to sepsis is still high globally. It is estimated that 62,000 maternal deaths occur worldwide every year with sepsis as the main cause. 18 In high-income countries, the absolute risk of MD is relatively low (0.60 per 100,000 LBs), but the risk of morbidity is substantially higher (20.9 per 100,000 LBs). 1 When analyzing low-middle income countries, these numbers become even more relevant, with a maternal mortality rate due to sepsis of 11.6%. 18 There is little knowledge about the epidemiology of sepsis in Brazil regarding pregnancy and the postpartum period. In the current study, sepsis represented a total of 20.3% of maternal mortality due to exclusively indirect causes. Early identification and proper treatment are key to reduce death rates due to infectious causes. Maternal mortality by sepsis is directly related to the time it takes to recognize the severity of the disease. 19 On this note, there is a worldwide campaign toward awareness on timely and adequate diagnosis of sepsis. 18, 19 Besides sepsis, other worldwide relevant indirect causes of maternal mortality are cancer and cardiovascular diseases, which corroborate the findings of the present study. Possible hypotheses for the increase in these diseases among young women are worsening eating habits, increasingly sedentary lifestyle, stress and life conditions that do not prioritize health.
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The number of women of reproductive age with previous heart diseases has greatly increased over the past years due to the improvement in surgery, anesthesiology and clinical management of cardiac conditions. 21, 22 As a result, congenital heart defects currently represent $ 30% to 50% of all heart diseases during pregnancies. 21, 22 The current numbers in Germany show 120,000 sick women, with an annual increase of around 5,000. 22 The evaluation of the prevalence of cases at different ages, comparing indirect and direct causes of maternal morbidity, presented no significant difference between both groups, with a predominance in women aged between 20 and 29 years. Regarding severity, a more indepth analysis within age groups has already been performed in the same database, showing the impact of the extremes of reproductive age on severe outcomes, with increased MNM and maternal mortality ratios with older age and also among adolescents. Our findings also show a higher prevalence of fewer prenatal visits and increased private health care among cases of indirect causes of maternal morbidity. This might be an indication that complications in these women determine early hospital admission, and, for that reason, they have an impact on the total number of visits. Our numbers for private care were too low for us to draw any conclusions; however, women with previous conditions are most likely the ones concerned with their health, and are more prone to have private health insurance.
A paradoxical finding of our study was that obesity appears as a protective factor for indirect causes. We have a tendency of considering obesity as associated with indirect causes, perhaps due to chronic hypertension and diabetes.
This finding may be a bias, because the present study does not have a control group of pregnant women at habitual risk, which is one of its limitations. At the same time, low weight was associated with indirect causes of maternal morbidity, which can represent the impact of serious illnesses, such as lupus, cancer and anemia.
Comparing the markers of clinical severity, it is possible to point out that women who were ill due to indirect causes of maternal morbidity were more often submitted to intubation not related to anesthesia, again highlighting the severity of respiratory diseases caused by the influenza H1N1 virus and their severe clinical complications, with the need of invasive respiratory support. 16 Furthermore, the group of indirect causes of maternal morbidity had more central venous access, intensive care unit admission, and was hospitalized for periods longer than seven days, which also indicates higher clinical severity.
In the group of indirect causes, more women have remained pregnant, even after treatment of the severe acute event that triggered hospitalization, when compared to the group of direct causes of maternal morbidity. This indicates that clinical complications early in pregnancy can often be adequately controlled without interrupting the gestation, and that might enhance the chances of a better perinatal result in such cases. However, the decision to maintain pregnancy is not always simple or straight-forward, and it depends on the individual's response to the treatment.
Indirect causes of maternal morbidity and mortality will certainly increase among low-and middle-income countries. 23 In order to improve maternal and perinatal outcomes among these cases, there is a pressing need to strengthen health services and to implement strategies to ascertain adequate diagnosis and care of previous diseases among young women, with adequate family planning and referral centers trained and qualified on emergency obstetric care.
8,23
Conclusion
Indirect causes of maternal morbidity/mortality were responsible for less than 10% of the overall number of SMM cases; however, they represented over 40% of MDs. The main indirect causes of mortality were influenza H1N1, sepsis, cancer and heart diseases. These women presented more adverse perinatal outcomes. In order to promote better care for these women, a proper maternal health policy is necessary, with specific and timely interventions aiming to decrease the impact of the indirect causes of morbidity among women with SMM.
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